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(54) Preparation of rare earth permanent magr^ts 



(57) An R-Fe-B permanent magnet wherein R is Nd 
or a combination of Nd witii a rare earth element is pre- 
pared by casting an R-Fe-B alioy, crushing ttie alloy in 
an oxygen-lree atmosphere of argon, nitrogen or vacu- 
um, effecSirig comminution, compaction, sintering, ag- 
. ing, and cutting and/or polishing the magnet to give a 



finished surface. The magnet Is then heat treated In an 
argon, nitrogen or low-pressure vacuim atmosphere 
having a limited oxygen partial pressure, obtaining a 
highly oil resistant sintered permwient magnet having 
con-osion resistance and hydrogen barrier property 
even in a high pressure hot environment of refrigerant 
and/or lubricant as encountered in compressors. 
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Description 

[0001] This invention relates to a method for preparing rare earth permanent magnete to be exposed to refrigerants 
and/or lubricants for an extended period of time, and especially useful in high effidency motors. 

BACKGROUND 

{0002] Owing to their magnetic properties and economy, rare earth permanent magnets are utilized in many areas 
of electric and electronic equipment. The production of rare earth permanent magnets is rapidly increasing in these 
years. As compared with rare earth cobalt magnets, rare earth pennanent magnets are advantageous in that neodym- 
ium as the predominant element Is present in more plenty than samarium, the raw material cost Is low because of the 
relativety low content of cobalt, and their magnetic properties substantiafly suipass those of rare earth cobalt magnets. 
The rare earth permanent magnets now find use not only in smali-size magneticcircutts where rare earth cobalt magnets 
have been used, but also in areas where hard ferrite and electromagnste have been used. Also in the field of motors 
for use in compressors in air conditioners and refrigerators, transition from prior art induction motors and synchronous 
motors using ferrite magnets to DC brushless motors using rare earth magnets is in progress for the puipose of in- 
creasing energy efficiency for reducing the power consumption. 

10003] R-Fe-B permanent magnets have the drawback that they are readily oxidized in humid air within a short time 
since they contain rare earth elements and iron as main components. When R-Fe-B magnets are incorporated in 
magnetic circuits, oxidative corrosion can reduce the output of magnetic circuits and generate rust with which the' 
surrounding equipment is contaminated. Therefore, rare earth magnets are generally surface treated prior to use. The 
surface treatment on rare ©arth magnets includes electroplating, electroless plating, ^umlnum-ion plating, and various 
coating techniques, 

[0004] To find use in air contfflioner compressor motors and industrial motws to operate in refrigerant, lubricafit or 
mixed systems, the rare earfh.permar>ent magnets are required to be corrosion resistant under high pressure and high 
temperature ooriditions in the refrigerant and refrigerating machine oil mixed system. 

[0005J For example, JP-A 11 -.1 50930 disclose the use of non-suri'ace-freated rwe earth magnet as ttie core of the 
rotor in a refrigerating compressor. However, the cwnbination of H FC refrigerant witti an ether or ester base refrigerating 
machine oil can defract from the magnetic prq)erties of tiie magnet incorporated In the system during a long term of 
operation at high temperature. 

[OOOS] Also in automotive motors to be operated while kept immersed in lubricants, corrosion reaction will take place 
between the magnet and the lubricant, deti-acting from magnetic properties. 

[0007] Then in these applications, it must be contemplated to carry out any of the above-mentioned surface treat- 
ments. However, the Al-lon plating technique is expensive and industrially inexpedient. Coating Is unacceptable be- 
cause of reaction with solvents and oil. The plating technique has the problem of instability at high temperature, as 
demonstrated by stripping of a plated coating at the temperature of shrinkage fit between the rotor and the shaft. It is 
difficult to Indijstriany apply the plating surface treatment to large size magnets, yielding many undesirably plated parts. 
[0O08] As discussed above, rare earth permanent magnets for use In high efficiency motors are exposed to the 
refrigerants and/or lubricants at high temperature and high pressure for an extended period of time and will detract 
from their magnetic properties due to reaction or corrosion therewith. 

[0009] It would be desirable, therefore, to provide a new method or preparing a rare earth permanent magnet having 
good stability, corrosion resistance and/or hydrogen barrier property under rigorous conditions as discussed ^ove. 
[0010] In a first aspect, the invention provides a method for preparing a rare earth permanent magnet, 
comprising the steps of casting an alloy based on R, T and B, wherein R is neodymium or a combination of neodymium 
with one or more rare earth elements, T is iron or a mixture of iron and cobalt, and B is boron, said alloy consisting 
essentially of 1 7 to 33.5% by weight of neodymium, 26.8 to 33.5% by weight of the entire R (inclusive of neodymium), 
0.78 to 1 .25% by weight of B, 0.05 to 3.5% by weight of at least one element selected from the group consisting of Nl, 
Ga, Zr, Nb, Hf, Ta, Mn, Sn, Mo, Zn, Pb, Sb, Al, Si, V, Cr, Tl, Cu, Ca and Mg. the balance being T and incidental impurities; 
crushing the alloy in an oxygen-free atmosphere of argon, nitrogen or vacuum, followed by comminuHon, compacting 
under a magneWc field, sintering and aging, thereby yielding a sintered magnet haying an oxygen concentration of up 
to 0.8% by weight, and magnetic properties including a residual flux density Br of 1 2.0 to 1 5.2 kG and a coercive force 
iHc of 9 to 35 kOe; cutting and/or polishing the sintered magnet to give a finished surface; and heat treating tiie sintered 
magnet in an argon, nitrogen or low-pressure vacuum atmo^here having an oxygen part:ial pressure of 10^ to 10" 
torr for 1 0 minutes to 1 0 hours. 

[0011] Typically, the rare earth pemianent magnet produced by the above method is suitable for exposure to a re- 
f rigerarrt and/or lubricant for an extended period of time. 

[0012] In a second aspect, the invention provides a method for iM-eparing a rare earth permanent magnet, comprising 
the steps of furnishing a mother alloy based on R, T and B, wherein R is neodymium or a combination of neodymium 
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with one or more rare earth elementSi T is iron or a mixture of iron and cobalt, and B Is boron, said mother alloy 
consisting essentially of 1 7 to 33.5% by weight of neodymium, 26.8 to 33.5% by weight of the entire R (Inclusive of 
neodymium), 0.78 to 1 .25% by weight of B, 0.06 to 3,5% by weight of at least one element selected fronfi the group 
consisting of Nl, Ga, Zr, Nb, Hf, Ta, Mn, Sn, Mo, Zn, Pb, Sb, Al, SI, V, Cr, Tl, Cu, Ca and Mg, the b^ance being T and 

5 incidental impurities, and an auxiliary alloy consisting essentially of 28 to 70% by weight of R" vrtjerein R' is at le^t 
one rare earth element, 0 to 1 .5% by weight of B, 0.06 to 10% by weight of at least one elwnent selected frwn the 
group consisting of Nl, Ga, Zr. Nb, Hf, Ta, Mo, Al, SI, V, Cr. Ti and Cu, ttie balance being a mixture of Iron 6nd cobalt 
and incidental impurities; hydriding and crushing the mother ^toy in an oxygen-free atmosphere of argon, nitrogen or 
vataium; mixing 85 to 99% by weight of the crushed mother alloy with 1 to 15% by weight of the auxiliary alloy, followed 

10 by comminution, compacting under a magnetic field, sintering and aging, thweby yielding a sintered magnet having 
an oxygen concentration of up to 0.8% by weight, and magnetic properties including a residtral flux density Br of 12.0 
to 15.2 IcG and a coercive force ilHc of 9 to 35 kOe; cutting and/or polishing.the magnet to give a finished surface; and 
heat treating the magnet in an argon, nitrogen or low-pressure vacuum atmosphere having an oxygen partial pressure 
of 1 0-^ to 1 0' ton- for 1 0 minutes to 1 0 hours. 

IS [0013} Again, a rare earth magnet produced by the^ove method typically is suitable for exposure to a refrigerant 
and/or lubricant for an extended period of time. 

[0014] The inventor has found that coj-rosion resistance eg. of the above-specified composition of a rare earth mag- 
net may be improved by heat treating the magnet, which has been cut and/or polished to give a surface finish, in an 
argon , nitrogen or low-pressure vacuum atmosphere having an oxygen partial pressure of 1 0-^to 1 0* torrf or 1 0 minutes 
so to 1 0 hours. This constitutes a general aspect of the invention. Preferably this heat freatment Is at a temperature of 
200 to1,100*'C. . 

[00151 Of particular interest are rare earth magnets which are used in variipus high efficiency motors (complyir^with 
the revised energy saving regulation enacted in Japan) and exposed to HFC alternative refrigerant and/or lubricant 
under operating conditions for an extended period of time. 
25 : [0016] In a further aspect, the invention provides a rare earth permanent magnet obtainable according to any of the 
method aspects of the invention. 

[0017] In another aspect, the invention provides a use of a magnet according to the above aspect is a high efficiency 
motor- 

30 BRIEF DESCRIPTION OF THE DRAWINGS 
[0018] 

FIG. 1 1s a graph showing magnetic properties of R-Fe-B permanent magnet specimens of Exarrple 1 and Com- 
33 parative Example 1 before arid after a 150'C/500 hour lube test using a commercial ether base refrigerating ma- 

trfiine oi! and refri^rant I^IOA. 

FIG. 2 Is a graph showing magnetic properties of the R-Fe-B pennaneht magnet specimen of ComparaUve Example 
2 before and after the tube test. 

40 FURTHER DETAILS, OPTIONS AND PREFERENCES ■ 

[0019] in preparing a rare earth pennanent magnet according to the invention, an alloy based on R, T and B is first 
cast. Herein R is neodymium or a combination of neodymium with one or more rare earth elements, T Is iron or a 
mixture of iron and cobalt, and B is boron. The alloy consists essentially of 1 7 to 33.5% by weight of neodymium, 26.8 
"ts to 33.5% by weight of the entire R (inclusive of neodymium), 0.78 to 1 .25% by weight of B, 0.05 to 3.6% by weight of 
at least one element selected from the group consisting of Ni, Ga, Zr, Nb, Hf'Ta, Mn, Sn, Mo,Zn, Pb, Sb, Al, Si, V, Or, 
Tl, Cu, Ga and Mg, the balance being T and incidental impurities. 

[0020] R in the R-Fe-B pennanent magnet accounts for 26.8 to 33.5% by weight of the composition. R is neodymium 
or a combination of neodymium with another rare earth element which is typically selected from among Y, La, Ce, Pr, 

so pm, Sm, Gd, Th, Dy, Ho, Er, Lu, and Yb and mixtures of any. Preferably R is neodymium or a combination of neodymium 
with at least one of Ce, La, Pr, Dy, and Tb. White R should essentially contain neodymium, the content of neodymium 
in the alloy is 1 7 to 33.5% by weight, preferably 1 7 to 33% by vre^ht B is contained in the range of 0.78 to 1 .25% by 
weight. T the amount of which is the balance is Fe or Fe and Co. Preferably, Fe Is contained in the range of 50 to 70% 
by weight in the alloy. Partial rqDlacement of iron by cobalt can Improve the temperature characteristics.. The content 

ss of cobalt (Co / (Co + Fe)) is preferably 20% by weight or less, more pref e rably 0, 1 to 1 5% by weight based on the total 
weight of iron and cobalt. Inclusion of more than 20% by weight of cobalt may result in a reduced coercive force and 
an increased cost. For the purposes of improving the magnetic properties and reducing the cost, the alloy further 
contains one or more elemente selected from the group consisting of Ni, Ga, Zr, Nb, Hf, Ta, Mn, Sn, Mo, Zn, Pb, Sb, 
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Al, Si, V, Gr, Tt, Cu, Ca and Mg, Tlie alioy of the above-described composition can be obtained by melting a corre- 
sponding material at or above the melting point of the alloy and casting the material by a die casting, roll quendiing, 
or atomizing technique. The preferred casting tKihniques are die casting and chill roil techniques. 
[0021] The alloy is crushed in an oxygen-free atmosphere of argon, nitrogen or vacuum, typically by hydriding or 
s using a Brown mill, pin mill, jaw crasher or the like. It is then conwDinuted, preferably to a mean particle size of about 
1 to 30 ^im. The resulting powder is compacted and oriented under a magnetic field or compacted in the absence of 
a magnetic field. The compact is sintered, solid solution treated and aged to form a bulk body. The bulk body is machined 
and polished, thereby yielding a permanent magnet of the desired practical shape. 

[0022] Alternatively, the rare earth magnet is obtained by furnishing a mother alloy based on R, T and B, wherein R 
io is neodymium or a combination of neodymium with one or more rare earth elements, T is iron or a mixture of iron and 
cobalt, and B is boron, the mother alloy consisting essentially of 17 to 33.5%, especially 1 7 to 33% by weight of neo- 
dymium, 26.8 to 33,5% by weight of the entire R (inclusive of neodymium), 0.78 to 1 .25% by weight of B, 0,05 to 3.6% 
by weight of one or more elements selected from the group consisting of Ni, Ga, Zr, Nb, Hf, Ta, Mn, Sn, Mo, Zn, Pb, 
Sb, Ai, St, V, Cr, Ti, Cu, Ca and Mg, the balance being T and incidental impurities, and an auxiliary alloy consisting 
15 essentially of 28 to 70% by weight of R' wherein R' is a rare earth element or a mixture of two or more rare earth 
elements, 0 to 1 .5% by weight of B, Q.05 to 10% by weight of one or more elements selected from the group consisting 
of Ni, Ga. Zr, Nb, Hf, Ta, Mo, Al, Si, V, Cr, Ti and Cu, the balance being a mixture of iron and cobalt and incidental 
impurities, hydriding and crushing the mother aiioy in an oxygen-free atmosphere of argon, nitrogen or vacuum, mixing 
85 to 99% by weight of the crushed mother aHoy with 1 to 1 5% by weight of the auxiliary alloy and optionally, a lubricating 
so agent, followed by comminution, compacting under a magnetic field, sintering and aging. The magnet may be further 
cut and/or polished to give a finished surface. The lubricating agent used herein includes higher fatty acids such as 
oleic acid, stearic acid and lauric acid and salts thereof. 

[0023] With respect to the auxiliary alloy, R' is one or more elenwnts selected frmti among Y, La, Ce, Pr, Nd, Pm, 
Sm, Gd, Tb, Dy, Ho. Er, Lu aid Yb, and preferably one or more elements selected from amor^ Ce, La, Nd, Pr, Dy and 
2S Tb. The pref &rred content of B Is 0.78 to 1 .25% by weight; The preferred cont^t of cobaft is 1 0 to 60%, e^eeially 1 6 
to 40% by Weight based on the auxiliary afloy. preferably with iron making up the balance. 

[0024] The permanent magnet (sirrtered magnet) thus obtained in either embodiment should have an oxygen con- 
centration of up to 0.8% by weight, and rnagnetic properties induding a residual flux density Br of 12.0 kG to 15.2 kG 
and a coercive fon» iHc of 9 kOe to 35 kOe. It is preferred for Improved magnetic properties including coercivity that 
30 the sintered magnet have an oxygen concentration of 0.05 to 0.8% by weight and a carbon concentration of 0.03 to 
0.10% by weight. 

[0025] According to the Invention, the permanent magnet is then heat treated for thereby improving corrosion resist- 
ance. The heat treatment Is preferably at a temperature of 200 to 1 ,1 OO'C, more preferably 300 to 60b'C, and even 
more preferably 450 to 550°C. Too high a heat treatment temperature may deteriorate magnetic properties whereas 

35 too low a heat treatment temperature may fail lo inprove the durability against lubricants and/or refrigerants. 

- [0026] The atmosphere of heat treattnent is an argon, nitrogen or low-pressure vacuum atmosphere having an ox- 
ygen partial pressure of 10-^ to 10° torr, preferably 1 0^^ to 10"''torr. The duration of heat treatment is from 10 minutes 
to 10 hours, preferably from 10 minutes to 6 hours and more preferably from 30 minutes to 3 hours. Following heat 
treatment at the desired temperature in the prescribed atmosphere, the R-Fe-B permanent magnet may be cooled at 

40 a rate of 10 to 2,000'C/min. If desired, heat treatment may be effected in plural stages. 

[0027] The heat treatment f onns suboxides on the magnet surface, thereby yielding a highly corrosion resistant rare 
earth permanent magnet suitable for use in high efficiency motors. The magnet obtained by the invention is charac- 
terized by exhibiting corrosion resistance to HFC alternative refrigerants (e.g., R410A, R134a and R125), HCFC re- 
frigerants (e.g., R22 and R32) and lubricants (e.g., refrigerating machine oil such as mineral oil, ester oil or ether oil). 

45 ' ' 

EXAMPLE 

[0028J Examples of the invention are given below by way of illustration and hot by way of limitation. 

so Example 1 

[0029] After induction melting in an argon aimosphere, an ingot having the composition of 32Nd-1 .2B-59.8Fe-7Co 
in weight ratio was cast. The mgot was crushed by a jaw crusher and comminuted by a jet mill using nitrogen gas, 
obtaining particles having a mean particle size of 3.5 jun. The powder placed in a mold and compacted therein 
55 under a pressure of 1.0 ton/cm^ w^lle a magnetic field of 10 kOia was applied across the mold. TTie compact 

sintered in vacuum at 1 ,-1 OO'C for two hours and aged at 550»C for one hour, obtaining a pemianent magniet. From 
the pemnanent magnet, a magnet plate dimensioned 5.9 mm x 5.9 mm x. 1 .2 mm thick was cut out. The magnet plate 
had an oxygen concentration of 0.611 wt%, Br = 11.28 kG and iHc = 17.20 kOe. Barrel finishing and ultrasonic water 
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washing were carried out on the magnet plate. Using a vacuum heat treating apparatus filled with argon gas having 
an oxygen partial pressure of 1 0'S torr, the magnet plate was heat treated at 490"'G for one hour. This was used as a 
test specimen. 

[0030] lr» a cap bott type pressure vessel having a volume of 200 ml (TPR N2 type by Taiateu Glass Kogyo K.K.), 20 
5 g of a cornmerclally available ester base refrigerating machhe oil or ether base refrigerating machine oil weighed, 
and the ^ecimen of R-Fe-B permanent magnet was placed. Aft^ the pressure v^sel was closed, it was qool«J with 
a dry ice/ethanol freezing mixture. HFC altematlve In the liquid state as the refrigerant was injected Into the vessel. 
The amount of HFC altematlve infroduced w^ determined from the weight gain of the overall pressure vessel. The 
HFC alternative feed was controlled so as to give a HFC aSternatrve weight of 20 g,.that is, to set the weight ratio of 
10 refrigerant to refrigerating machine oi! at 1 :1 . This Is a conventional procedure of evaluating the corrosion resistance 
In a compressor, generally known as tube test. The pressure vessel was placed in a thermostat tan l< set at 150±0.5'*C 
and heated therein for a predetermined time (500 or 1 ,000 hours). Thereafter, the pressure vessel was opened, and 
the R-Fe-B magnet was taken out and examined for magnetic properties as well as changes thereof from the initial. 
The results are shown in FIG. 1 . T^le 1 reports changes of magnetic properties (represented by a percent deterioration 
IS at Pc = 0 of magnet properties after the test from magnet properties prior to the test) . 

Comparative Example 1 

[00311 An R-Fe-B pemnanent magnet was prepared as si Example 1 except that the heat treaftnent was omitted. 
so Using this magnet as a test specimen, a shnilar tube test was carried out. The results are shown in FIG. 1 and Table 1 . 

Comparative Example 2 

[0032] An R-Fe-B pemnanent magnet was prepared as in Example 1 except that the heat treatment was effected in 
25 air at 400''C for 30 minutes. Using this magnet as a test specimen, a similar tube test was carried out. The results are 
shown In FIG. 2 and Table 1 . 

[0033] It is noted that the magnet specimens after the tube test had the following magnetic properties. 





Br 


iHc 


Example 1 

Comparalivo Example 1 
Comparaiive Example 2 


11,13 kG 
8.50 kG 
10.98 kG 


16.96 kOe 
14.99 kOe 
17.36 kOe 



Table 1 : 



Deterioration* after tube test (150'C) 


Commerciai refrigerating 
machine oil 


HFC Altematlve 


Deterioration* after tube test (1 50»C) 


CE1 


EX1 


CE2 






500 hr 


1000 hr 


500 hr 


1000 hr 


500 hr 


ester oil 


R410A 


12.0% 


31.8% 


1.1% 


1 .2"/o 


1 .60% 


ether oil 


R410A 


31 .9 % 


unmeasur^le (powered) 


1 .2% 


1 .5% 


8.90% 



- a percent deterioraliem oi Pc = 0 of magnet property after the tiAe test from the mitial magnet property 



[0034] It is seen from Table 1 that the R-Fe-B pemianent magnet wittjout the heat treatment, when combined with 
the ether base refrigerating machine oil, experienced a substantial deterioration of magnetic property after 500 hours 
of the tube test and became powdered after 1 ,000 hours of the tube teat so that magnet fragments were dispersed in 
the refrigerating machine oil. In an actual ccwnpnessor wherein a miscibte fluid of refrigerant and refrigerating machine 
oil is being cirojlated under high pressure through p^ing of high strength copper, the generation of such sludge causes 
the piping to be clogged, becoming a fatsd defect. As i& evident from Table 1 , by heat treattnent, the ma^et Is endowed 
with practically aco^table corrosion resistance even in a high pressure with hot environment. However, heat treatment 
when conducted in air rather degrades magnetic properties as seen from Comparative Example 2. 
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Exanple 2 

[0035] The samples of this example are low oxygen concentration alloys prepared by conductingcrushlng to sintering 
steps in an oxygen -blocked atmosphere. The starting materials Nd, Pr. IDy, lb, electrolytic iron, Co, fetroboron, Al, Cu 
and optionally ferrozirconium or fen-ohafnium were formulated to the composition shown in Table 2, following which 
the respective alloys were prepared by a double roll quenching process. The alloys were hydrogenated in a 1 .5±0.5 
kgf/cm2 hydrogen atmosphere, followed by dehydrogeriation at eoO'C for 5 hours in a £1 0-2 torr vacuum. Each of the 
alloys obtained following hydrogenation and dehydrogenation was in the fonn of a coarse powder having a particle 
size of several hundred microns. The coar^ powders were each mixed with 0.06 wt% of lauric acid as a lubricating 
agent in a V-type mixer, and ccatiminuted to a mean particle size of ^ut 3 jim under a nitrogen stream in a jet mill. 
The resulting fine powders were filled into the die of apress, oriented in a 13 kOe magnetic field, and compacted under 
a pressure of 1 .2 ton/cm2 applied perpendicular to the magnetic field. The powder compacts were sintered at 1 ,050'C 
for 2 hours in argon, cooled, and heat treated at 500»C for 2 hours in argon, yielding permanent magnet materials of 
the respective compositions. These R-Fe-B base permanent magnet materials had a carbon content of 0.061 to 0,073 
wt% and an oxygen content of 0.105 to 0.186 wt%. Their magnetic properties are shown in Table 2. 



Table 2 



Sample 
No. 


Components (wt%) 


Br (kG) 


. IHC 
(kOe) 


Nd 


Pr 


Dy 


Tb 


Fe 


Co 


B 


Ai 


Cu 


Zr 


Hf 


1 


30.2 


0.0 


0.0 


0.0 


bal. 


2.7 


1.1 


0.4 


0.2 


0.0 


0.0 


14.23 


9.2 


2 


27.6 


0.0 


3.7 


0.0 


bal. 


1.4 


1.1 


0.2 


0.1 


0.0 


0.0. 


13.35 


18.8 


3 


27.7 


0.0 


0.0 


2.4 


bal: 


1.4 


1.0 


0.2 


0.1 


0.2 


0.0 


13.86 


13.2 


4 


26.3 


0.0 


4.9 


0.0 


■ bal. 


1.8 


1.0 


0.3 


0.1 


0.0 


0.3 


13.22 


15.3 



Example 3 



[0036] The starling materials Nd, Dy, electrolytic iron, Co, ferroboron, Ai, and Cu were fonnulated to the composition 
shown in Table 3, following which the formulations were induction melted and cast in a water-cooled copper mold to 
give ingots of the respective compositions, The cast ingots were roughly ground in a Brown mill. The resulting coarse 
powders were each mixed with 0.08 wt% of stearic acid as a lubricating agent In a V-type mixer, and comminuted to 
a mean particle size of about 3 p.m under a nitrogen stream In a jet mill. The resulting fine powders were filled Into the 
die of a press, oriented in a 1 2 kOe magnetic field, andcompacted underapressure of 1 .5 ton/cm2 applied perpendicular 
to the magnetic field. The powcter compacts were sintered at 1 ,080»C for 2 hours in a <10^ torr vacuum, cooled, and 
heat treated at 600'C for 1 hour In a slO-2 torr vacuum, yielding permanent magnet materials of the respective com- 
positions. These B-Fe-B base penrranent magnet materials had a carbon content of 0.081 to 0.092 wt% arid an oxygen 
content of 0.058 to 0.071 wt%. Their magnetic properti^ are shown in Table 3, 



Table 3 



Sample 
No. 


Components (wt%) 


Br (kG) 


iHc . 
(kOe) 


Nd 


Pr 


Dy 


Tb 


Fe 


Co 


B 


AI 


Cu 


Zr 


Hf 


5 


32.8 


o.p 


0.0 


0.0 


bal. 


4.4 


1.0 


0.8 


0.3 


0.0 


0.0 


12.62 


12.5 


6 


26.3 


2.1 


2.5 


2.4 


b&l. 


3.6 


1.1. 


0.8 


0.2 


p.o 


0.0 


12.18 


21 .5 



Example 4 

[003*^ This example attempted 1o achieve even higher magnetic properties by applying a two alloy process to the 
invention. The samples of this example are low oxygen concentration alloys prepared by conducting crushing to sin- 
tering steps in an oxygen-blocked atmosphere. With respect to the experimental conditions, only the compositions of 
the mother alloy and the auxiliary alloy were varied as shown in Table 4. The mother alloy was fabricated by single roil 
quenc*)ing. hydrogenated in a hydrogen atmosphere at 0.5 to 2.0 kgf/cm2, then semi-dehydrogenated in a ^10-2 torr 
vacuum and at 500*0 for 5 hours. The auxiliary alloy was inductton melted, then cast in a water-cooled copper mold. 
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giving a cast ingot. 

|;0038] Next, 90 wt% of the mother alloy and 1 0 wt% of the auxiliary alloy were weighed out, 0.05 wt% of oleic acid 
was added as a lubricating agent, and they were mixed in a v-type mixer. The mixture was then comminuted in a jet 
mill under a nitrogen stream, giving a fine powder having a mean particle size of about 4 (im. The resulting powders 
were filled into the die of a press, oriented in a 12 kOe magnetic field, and compacted under a pressure of OJS ton/cm^ 
applied in a direction perpendicular to the magnetic field. The powder compacts were sintered at 1 ,040'C for 2 hours 
under a vacuum of S10"^ torr, cooled, then heat treated at 500*C for 1 hour in an argon atmosphere, yielding pennanent 
magnet n^terials of the respective corr^sosittbns. These R-Fe-B base pemianent magnet materials had a carbon con- 
tent of 0.052to 0.063 wt% and an oxygen content of 0.085 to 0.105 wt%. Their magnetic properties are shown inTable4. 
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Example 5 

[0039| This example attempted to achieve even higher magnetic properties by applying a two alloy process to the 
invention. The compositions of the mother alloy and the auxiliary alloy were varied as shown in Table 5. Both the mother 

5 alloy and the auxiliary alloy were Induction melted, then cast in a water-cooled copper mold, giving cast Ingots. 

[0040] Next, 92 wt% of the mother alloy and 8 wt% of the auxiliary alloy were weighed out, 0.05 wt% of zinc stearate 
was added as a lubricating agent, and they were mixed In a V-type mixer. The mixture was then cormiinuted In a jet 
mill under a nitrogen stream, giving a fine powder having a mean particle size of about 4 \sjm. The resulting powders 
were filled Into the die of a press, oriented in a 12 kOe n^gnetic field, and contacted under a pressure of 0.5 tonifem^ 

10 applied in a direction perpendicularto the magnetic field. The powder cwnpacts were sintered at t«nperatures ranging 
from 1,020«C to 1 ,1O0»C in 10»C increments for 2 hours under a vacuum of £10--* torr, cooled, then heat treated at 
500'C for 1 hour in an argon atmosphere of £1 0-2 ton-, yielding permanent magnet materials of the respective compo- 
sitions. These R-Fe-B base pemi^ent magnet materials had a carbon content of 0.063 to 0.075 wt% and an oxygeri 
content of 0.328 to 0.457 wt%. Their magnetic properties are shown in T^le 5. 
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Examfirfe 6 

[00411 This example attempted to achieve .even higher magnetic properties by applying a two atloy process to the 
invention. The compositions of the mother alloy and the auxiliary alioy were varied as shown in Table 6, Both the mother 
5 alloy and the auxiliary alloy were fabricated by single roll quenching, hydrogenated in a hydrogen atmosphere at 0,5 
to 2.0 kgf/cm^, then semi-dehydrogenated in a <10-2 torr vacuum and at SOO'C for 3 hours. 

[0042} Next, 94 wt% of the mother alloy and 6 wt% of the auxiliary alloy were weighed out, 0.05 wr% of zinc stearate 
was added as a lubricating agent, and they were mixed in a V-type mixer. The mixture was then comminuted in a jet 
milt under a nitrogen stream, giving a fine powder having a mean particle size of about 4 jim. The resulting powders 

10 were filled into the die of a press, oriented in a 1 2 kOe magnetic field, and compacted under a pressure of 0.5 tonycmS 
applied in a direction perpendicular to the magnetic field. The powder compacts were sintered at temperatures ranging 
from 1 .oao'C to 1 , 1 00°G in 1 CC increments for 2 hours under a <1 0-^ torr vacuum, cooled, then heat treated at SOO'C 
for 1 hour under a <10-2 torr vacuum, yielding permanent magnet materi^s of the respective compositions. These R- 
Fe-B base pennanent magnet, materials had a carbon content of 0.082 to 0.093 wt% and an oxygen content of 0.115 

IS to 0.205 vrt%.Theirmagnetic properties are shown in Table 6, 
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[0043] It is understood that the invention is advantageousiy applicable to any pemnanent magnet sample independent 
of whether the auxiliary alloy was fabricated by induction melting, casting in a water-cooled mold, hydrogenation and 
semi-dehydrogenatlon, or by single or double chill roll quenching, hydrogenation and seml-dehydrogenatton, or by 
single or double roll quenching and crushing in a Brown mill or the like. 

[0044] According to the invention , an R-Fe-B permanent magnet as ^proprlately processed is further heat treated 
to form a protective film on the surface whereby a highly oil resistant sintered permanent magnet having corrosion 
resistance and hydrogen barrier property even in a high pressure with hot environment of refrigerant and lubricant can 
be readily manufactured at a low cost. The invention is of great worth in thfe Industry. 
[0045] Japanese Patent Application No. 2000-1 62301 is incorporated herein by reference. 
[0046] Although some preferred embodiments haveb^n described, many modifications and variations may be made 
thereto in light of the above teaihings. It is therefore to be understood that the invention may be practiced othenwise 
than as specificaiiy described In the Examples. 



Clalnns 

1. A method for preparing a rare earth pemianent magnet comprising the steps of: 

casting an alloy based on R, T and B, wherein R is neodymium or a combination of neodymium with one or 
more rare earth elements, T Is iron or a mixture of iron and cobalt, and B is boron, said alloy consisting es- 
sentially of 1 7 to 33.5% by weight of neodymium, 26.8 to 33.5% by weight of the entire R, 0,78 to 1 .25% by 
weight of B, 0.05 to 3.5% by weight of at least one element selected from the group consisting of Ni, Ga, Zr, 
Nb, Hf, Ta, Mn, Sn, Mo, Zn, Pb, Sb, Al, Si, V, Cr, Ti, Cu, Caand Mg, the balance being! and incidental impurities, 
crushing the alloy In an oxygen-free atmosphere of argon, nitrogen or vacuum, followed by comminution, 
compacting under a magnetic field, sintering and aging, thereby yielding a sintered magnet ha\^ng an oxygen 
concentration of up to 0.8% by weight, and magnetic pni^erties including a residual flux density Br of 12.0 to 
1 5.2 i(G and a coercive force iHc of 9 to 35 kOe, 

cutting and/or polishing the sintered magnet to give a finished surface, and 

heat treating the sintered magnet in an argon, nitrogen or low-pressure vacuum atmosphere having an oxygen 
partial pressure of 10-6 to 10° torrfor 10 minutes to 10 hours, 

2. A method for preparing a rare earth permanent magnet to be exposed to a refrigerant and/or lubricant for an 
extended period of time, comprising the st^ of: 

furnishing a mother alloy based on R, T and B, wherein R is neodymium or a combination of neodymium with 
one or more rare earth elements, T is iron or a mixture of iron and cobalt, and B is boron, said mother alloy 
consisting essentially of 17 to 33.5% by weight of neodymium, 26.8 to 33.5% by weight of the entire R, 0.78 
to 1 .25% by weight of B, 0.05 to 3.5% by weight of at least one elsnent seliected from the group consisting of 
Ni, Ga, Zr, l^b, Hf, Ta, Mn, Sn. Mo, Zn, Pb, Sb, Al, Si, V, Cr, Ti, Cu, Ca and Mg, the balance being T and 
incidental impurities, and an auxiliay alloy consisting essentially of 28 to 70% by weight of R' wherein R' is at 
least one rare earth element, 0 to 1 .5% by weight of B, 0.05 to 1 0% by weight of at least one element selected 
from the group consisting of Ni, Ga, Tx, Nb, Hf, Ta, Mo, Al, Si, V, Cr, TI and Cu, the balance being a mixture 
of iron and cobalt and incidental impurities, 

hydriding and crushing the mother alloy in an oxygen-free atmosphere of argon, nitrogen or vacuum, 
mixing 85 to 99% by weight of the crushed mother alloy with 1 to 1 5% by weight of the auxiliary alloy, followed 
by comminution, compacting under a magnetic field, sintering and aging, thereby yielding a sintered magnet 
having an oxygen concentration of up to 0.8% by weight, and magnetic prc^rties including a residual flux 
density Br of 12.0 to 1 5,2 kG and a coercive force iHc of 9 to 35 kOe. 
cutting and/or polishing the magnet to give a finished surface, and 

heat treating the nnagnet in an argon, nitrogen or low^ressure vacuum amiosphere having an oxygen partial 
pressure of 10-^ to 10" torr for 10 minutes to 10 hours. 

3. A method according to clainre 1 or 2 vi^herein the sintered magnet h^ an oxygen concentration of 0.05 to 0.8% 
by weight and a carbon concentration of 0.03 to 0.1 0% by weight. 

4. A method according to any one of clafcns 1 to 3 wherein the heat treatment is effected at a temperature of 200 to 
1,100''C. 



13 



EP 1 160 804 A2 

5. A rare earth permanent magnet obtainable by the method of any one of claims 1 to 4, 

6. A use of a rare earth permanent magnet acxiording to claim 5 In a high efficiency motor. 

7. A use according to claim 6 Including exposure of the magnet to a refrigerant and/or lubricantfor an extended period 
of time. 
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FIG.1 
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FIG.2 
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